Thermal limitation of far-field matter-wave interference 
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We assess the effect of the heat radiation emitted by mesoscopic particles on their abihty to 
show interference in a double slit arrangement. The analysis is based on a stationary, phase-space 
based description of matter wave interference in the presence of momentum-exchange mediated 
decoherence. 
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I. INTRODUCTION 

A recent demonstration of the wave nature of large- 
sized molecules with a high internal temperature poses 
the question on the ultimate physical limitations for the 
observation of matter wave interference with increasingly 
macroscopic particles |2|- The present article focuses on 
one of the basic effects known to destroy the coherence 
of matter waves, namely the heat radiation emitted by 
the particles themselves. We take these objects to be suf- 
ficiently complex so that their internal state calls for a 
thermodynamic description and obtain the general scal- 
ing behavior as a function of their temperature, heat ca- 
pacity, and effective surface area. 

As a second motive, we note that the loss of coherence 
in a two-path matter wave interferometer has been the 
subject of a number of recent studies, discussing various 
models and mechanisms H S S S 0,11 Q . All of those 
treatments employ a temporal description of the decoher- 
ing dynamics, usually by approximately solving a master 
equation or a corresponding stochastic differential equa- 
tion. Here we present an alternative way of dealing with 
decoherence of matter wave beams, which is based on 
describing the rate of decoherence events and their effect 
separately. Using the Wigner-Weyl formulation of quan- 
tum mechanics one finds how the stationary scattering 
state of the particle beam gets affected by momentum- 
exchange mediated decoherence. This way a clear and 
transparent description of the underlying physics is ob- 
tained. 

We consider the most basic situation of far-field inter- 
ference where a stationary beam of matter waves passes a 
double slit arrangement, although the treatment is easily 
generalized to multi-slit gratings. The application to the 
case of heat radiation yields simple, yet experimentally 
relevant formulas for the expected loss of the interfer- 
ence contrast, and permits to incorporate and discuss 
important issues such as the effects of cooling and and of 
deviations from the ideal blackbody spectrum. 

The experimental studies of the impact of light emis- 
sion on matter waves started with the scattering of laser 
beams off interfering atoms [Ifl [l3i HJI ■ More recently, 
the decohering effect of the continuous, Planck-like heat 
radiation emitted by fuUerenes was observed, in agree- 
ment with decoherence theory, in the near-field regime of 
Talbot-Lau interference [Tj, [Tjl . Theoretical discussions 
of the general effect of heat radiation serving to "local- 



ize" a spatially extended quantum state into a mixture of 
more local states can be found in flUil. ITtL ITllT9ll20l| . 

though not in the context of interferometry. 

The structure of the article is as follows. Section 2 
starts by collecting the required equations to treat gen- 
eral momentum-exchange mediated decoherence. Since 
the approach was already used in 12111 to treat the related 
case of near-field interference we keep the presentation 
short. Section 3 proceeds to calculate the double slit far- 
field interference pattern in the presence of decoherence. 
Based on this we discuss the visibility reduction due to 
heat radiation, i.e., the thermal limitation for interfer- 
ence, with mesoscopic particles in Sect. 4. Quantitative 
estimates are presented for carbonaceous aerosols, and 
compared to the case of fuUerene molecules. The article 
concludes with with Sect. 5. 



II. DECOHERENCE MEDIATED BY 
MOMENTUM TRANSFER 



The ability of a particle to show interference may be 
reduced due the interaction and entanglement with un- 
observed degrees of freedom, such as collisions with par- 
ticles from a background gas or the absorption and emis- 
sion of photons. It is often justified, and consistent with 
the Markov assumption, to model this loss of coherence 
as due to individual events, which occur probabilistically 
and independently of each other. The situation is par- 
ticularly simple if the motional state of the particle q' , 
obtained by tracing over the unobserved degrees of free- 
dom, depends only on the momentum exchange during 
the event. In position representation, the off-diagonal el- 
ements are then merely reduced by a complex factor 77, 
with \r]\ ^ 1. The reduction depends only on the corre- 
sponding distance. 



{Ri\q'\R2) = {Ri\q\R2)ti{Ri~R2 



(1) 



while the diagonal elements are unaffected, ?y (0) = 1. 
This loss of coherence can be attributed to the amount 
of which-way information revealed to the environment 
after the interaction [22|. At the same time, the "de- 
coherence function" r] is given by the Fourier transform 
of the probability density for the momentum exchange, 
77(Ai2) = r]*{-AR) = J d^Qexp{iAR- Q/h)ri{Q), 



which is manifest in the operator representation of (^, 
^' = [ d'Qf]{Q)e'^^'^/^ge-'^^-^^\ (2) 



In fact, in the more general framework of translation- 
invariant and completely positive master equations the 
function 77 can be related to the characteristic function 
of the relevant Poissonian part of the corresponding Levy 
process 23] . For later reference we note that in terms of 
the Wigncr function the state change Q reads 



W'{R,P) = f d^Qfj{Q)W{R,P-Q). 



(3) 



The time evolution equation for the resulting decohering 
motion is obtained immediately from ^ if one assumes 
that the decoherence events occur with a rate 7 (t) . It 

has the Markovian form dtQ = (ifi-)^ [H, ^] + CtQ^ with 
the incoherent part given by 

{Ri\CtQ\R2) = -^{t)[l-v{Ri-R2)]{Ri\g\R2). 

(4) 

The process of decoherence by the emission of heat ra- 
diation fits into the present framework provided the par- 
ticle beam is unpolarized and the density of the electro- 
magnetic field modes can be taken constant in space, i.e., 
if the modification of the emission rate due to nearby sur- 
faces can be neglected. If the walls of the apparatus are 
located far away compared to the photon wave length the 
sole effect of a photon emission on the motional state of 
the particle is an isotropic momentum kick (the internal 
degrees of freedom remain in a separable state). One ob- 
tains the corresponding decoherence function by express- 
ing the probability density for a photon to be emitted at 
(angular) frequency to in terms of the temperature de- 
pendent spectral photon emission rate Ri^{uj;T). The 
result is 
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(5) 



with total emission rate i?tot = /n dujR^ i^'^T) and 
sine (x) = sin (x) jx. Putting aside this particular form 
we keep t] unspecified in the following section, thereby 
including all other (possibly anisotropic) momentum- 
transfer mediated decoherence mechanisms. 



III. DECOHERENCE IN DOUBLE SLIT 
INTERFERENCE 



Phase space description of double slit 
interference 



We proceed to formulate the double-slit interference 
of matter waves in the phase space representation (e.g., 
[2J,|23)- This will permit us to incorporate the effect of 
decoherence in the subsequent section. 



Consider the usual interferometric situation with a 
well-collimated, stationary beam of particles directed 
in the positive z-direction. Noting that the stationar- 
ity implies the absence of coherences between different 
longitudinal momenta [26j, it is represented by a (non- 
normalizable) state where the longitudinal and transverse 
motion are initially separable. 



Qn 



dPzg{Pz)p{Pz)(^ \Pz){Pz\, 



(6) 



with g (pz) the longitudinal momentum distribution func- 
tion and p a transverse state. Since this is a convex sum 
we can at first take the incoming state of the beam to 
have a well-defined longitudinal velocity Pz/m, and dis- 
cuss the effect of a finite longitudinal coherence length 
later. Lower-case vectors are used to denote coordinates 
in the transverse plane, e.g., r = {x,y,0). Accordingly, 
the Wigner function of the transverse motion is given by 



.(.,p) ^ ^/d^.e--/^ 



(7) 



X (P-||-5(P.)|P+|) 



Now, if the passage through a single pinhole rendered 
the transverse motion in the pure state \tps) a double slit 
arrangement with identical pinholes would produce the 
state 

\%) - -^(e^P"*/2'"' + e-*P-''/2'"')|^s), (8) 

provided there is full transverse coherence over the dou- 
ble slit separation d. As implied by the normaliza- 
tion, we take the translated pinhole states to be non- 
overlapping, {ips\e~^^''^^^\ips) — 0. Allowing for ar- 
bitrary pinhole states ps the relation |(SJ) reads po — 
2 cos (p • d/2h) Ps cos (p • d/2h), and accordingly we have 
in phase space representation: 
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(9) 



This implies that the probability density of the trans- 
verse momentum is related to the corresponding single 
slit distribution Wp (p) := Jd^rw^^^ {r,p) by 



<^(P) := fd^rw^°^{r,p)^ 
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The great advantage of the phase space representation 
shows up in the the free evolution from the double slit, 
at 2; = to the screen located at z = L, since the corre- 
sponding states are related by the free shearing transfor- 
mation (e.g. [21|) 



y(^)(r,p)=w(") (r-L^,p 

V Pz 



(11) 



With this one arrives at the famihar result that the inter- 
ference pattern in the far field is given by the momentum 
distribution of the particle state after it passed the grat- 
ing, 
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(12) 



As the only approximation we used here that w^^' {',Po) 
is localized in the small pinhole areas so that one can ne- 
glect the p^ro/i term for for \r\ ^ |d|. This is equivalent 
to the far-field approximation of Fraunhofer diffraction. 
Insertion of the momentum distribution after the double 
slit yields the far field pattern 
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(13) 



and it shows the expected modulation of the single slit 
momentum distribution by interference fringes with a pe- 
riod of 2-KhL/ (pz \d\) ~ \dB.L/ \d\. It is common to at- 
tribute a visibility of V = 1 to this pattern. 

In experiments, one typically uses detectors, which 
measure the intensity of the interference pattern (the 
number of particles per unit area and time). In addi- 
tion, one should take into account that molecular beams 
cannot be prepared in a monochromatic state, but have 
a finite longitudinal coherence. By allowing for a distri- 
bution of the longitudinal momenta g (pz) the expected 
intensity is proportional to [l| 
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(14) 



However, to keep the formulation simple we take a fixed 
value of Pz in the following, and note that the general case 
is simply recovered by weighting the resulting intensities 
with g (pz)- In any case, for the beams used in molecular 
interferometry we can safely assume the contributing pz 
to be much larger than the possible longitudinal momen- 
tum transfers, so that the change of the velocity due to 
photon emission can be neglected in the following section, 
where we proceed to account for decoherence. 



B. Incorporating decoherence 

At first sight, the obvious way to incorporate the ef- 
fect of decoherence would be to solve the corresponding 
master equation |@J. As shown in Sect. VI. of Ref. jljl, ^ 
systematic scheme can indeed be set up which yields suc- 
cessive approximations of the corresponding time evolu- 
tion in a closed form. However, by insisting on a dynamic 



description to treat an inherently stationary problem one 
loses much transparency in the formulation. This renders 
a stationary treatment much more appropriate, as will be 
clear in the following. 

Let us first consider the impact of a single decoherence 
event occurring at some longitudinal position z. The in- 
terference pattern conditioned on this event is obtained 
by propagating the state to position z with (|ll|l . perform- 
ing the decohering convolution 10), and a further propa- 
gation to the final screen position L. It follows that the 
resulting intensity pattern is given by 
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(15) 

Here we performed the same far-field approximation as 
above in H12() . took into account that only \qz\ -^ Pz 
contribute in fj, and related the result to the unperturbed 
intensity pattern H14|) . In the same fashion, one finds that 
additional decoherence events are described by further 
convolutions with fj. 

The trick is now to consider the differential equation 
which governs the change of the interference pattern as 
one increases the longitudinal interval where decoher- 
ence events may occur. This is straightforward since 
the patterns are related by a convolution. After tak- 
ing the Fourier transform of the interference pattern, 
I (q) = {2TTh)~ J d^r exp {~ir ■ q/h) I {r) , the relation 
(115(1 turns into a multiplication with the decoherence 
function, 



r{z;q) = I{q)r^{l-±q 



(16) 



We denote by F^ (z) dz the (possibly position depen- 
dent) average number of decoherence events occurring 
in (z, z + dz). The differential change of the pattern is 
then determined by 



-—/dec {z; q) = Tz [z) 
dz 
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(17) 



- Idee {z; q)] ■ 

The integration from z = to z = L yields 

Idcciq) = exp 

xl{q) 



dzTz (z) 1 - 7? U 
\ \ P^ 



z-L 



(18) 



After a final Fourier transform we obtain the general re- 
sult 



^dc 



(r) = f d^sh{s)I{r-s) 



(19) 



It shows that the entire effect of decoherence on the in- 
terference pattern is described by a convolution with the 
real kernel 
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(20) 



It is determined by the decoherence function from (Q 
and the (possibly time-dependent) rate of decoherence 
events 7(i), related to T^ by T^ {z)vz = ^{z/vz) with 
Vz — Vzl'Td- (The fact that 119() is positive for all intensity 
patterns / (r) follows with Bochner's theorem by noting 
that the exponential function in (|18|l is of positive type 
since X] is of positive type.) It should be emphasized that 
multiple decoherence events are treated correctly in this 
description, provided they are statistically independent, 
since H17|l is a linear equation. 

Note that the result (|19|l . H20|l is valid for any ini- 
tial momentum distribution wj, thus covering arbitrary 
multi-slit interference arrangements. If we go back to the 
case of a double slit H13|l an approximate, but very intu- 
itive form is obtained if the width of Wp is so large that 
one can pull the envelope of the interference pattern out 
of the s-integration. If we also take r\ to be isotropic (and 
therefore real) the interference pattern reads in this case 
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It differs from the unperturbed pattern, see ((T^ . by the 
factor 
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(22) 



which reduces the oscillating term. Although there is no 
unique definition for the visibility of a non-periodic signal 
like (|^ . one may call this the visibility reduction due to 
decoherence. 

Equation (|22|l has a particularly intuitive form since 
it involves the separation of the two interfering paths 
in the argument of the decoherence function. Close to 
the double-slit, at z = 0, the decoherence function en- 
ters with the full slit separation |d|. As the particle ap- 
proaches the screen the two paths get closer, requiring an 
increasingly large "resolving power" of the decoherence 
events if they are to contribute to the visibility reduc- 
tion by conveying some which way information. At the 



screen, where z = L and ry (0) = 1 the paths coalesce 
and decoherence has no effect. This dependence on the 
longitudinal position has been observed in experiments 
where a laser beam was scattered off interfering atoms 
[lOl nil Il2|. albeit in a Mach-Zchnder setup. It is also 
an important factor in the quantitative description of the 
recent near-field experiment on decoherence by heat ra- 
diation _13j. 

Note that in the case of near-field Talbot-Lau interfer- 
ence an approximate expression for the visibility reduc- 
tion has been found in Ref . |22| . It is similar to H22|l , but 
the denominator in the argument of of 77 is replaced by 
(an integer fraction of) the Talbot length d^/Ads- While 
this underlines the strength of the phase space approach 
in incorporating decoherence in the various regimes of in- 
terfcrometry, we note that the intermediate case, where 
neither near- field nor far- field approximations hold, is 
more complicated. 



IV. THERMAL SCALING BEHAVIOR 

Based on the results of the preceding section we can 
now study at what temperatures the wave nature of ma- 
terial objects ceases to be observable due to their heat 
radiation. For a start, it should be noted that, strictly 
speaking, one can apply H22|l only if the thermal photons 
are emitted in a Poisson process, which would require 
the particle to be permanently in contact with a heat 
bath. The isolated, mesoscopic particle-waves traversing 
the interferometer are typically not in thermal equilib- 
rium with the surrounding radiation field, and they are 
characterized by the amount of energy stored in their 
many internal degrees of freedom. One may express this 
internal energy in terms of the micro-canonical tempera- 
ture T and the heat capacity Cy- 

As a consequence of the absence of a proper heat bath 
each photon emission reduces the micro-canonical tem- 
perature by huj/Cv- This modifies the emission prob- 
ability of the subsequent photons and renders the pro- 
cess non-Poissonian. However, in an approximate de- 
scription the main consequences of this this effect can be 
accounted for by an inhomogeneous Poisson process with 
a time-dependent emission rate 7 {t) = i?tot {T [t)) where 
T (t) is determined by the cooling equation dtT (t) — 
— J duj hojRi^ {uj;T (t)) /Cv- One writes (|22|l as a time 
integration and inserts © which cancels the i?tot de- 
pendence. The resulting visibility reduction due to heat 
radiation reads 



V = exp 
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(23) 



with r ;= L/vz the time of flight and d — \d\ the slit sepa- 
ration. Likewise, the corresponding full intensity pattern 
is obtained by replacing the exponential in the kernel 



(|20(l with the right hand side of H23|) . after the substitu- 
tion d -^ \q\L/pz- As discussed above, the calculation 
of this modified pattern is required if one has to account 
for a finite coherence length. 

As exemplified below, the influence of cooling can be 
quite significant in realistic scenarios. For objects with a 
molecular structure it is even more crucial to account for 
the full frequency dependence of the emission rate. The 
reason is that the rate is strongly affected by the elec- 
tronic excitation spectrum of the molecule, which typi- 
cally shows a gap at optical to near infrared frequencies, 
leading to a much stronger temperature and frequency 
dependence than expected for a blackbody radiator. 

In the following we consider interfering objects which 
are still considerably larger than molecules, so that the 
absorption cross section CTabs can be taken frequency and 
temperature independent and proportional to the surface 
area A. Although this is unrealistic for molecules, it is 
quite reasonable for submicromctcr particles like aerosols 
or large proteins, which display an essentially featureless 
absorption cross section in the relevant frequency regime 
[23. In this case one accounts for the deviations with 
respect to the macroscopic blackbody spectrum by intro- 
ducing the emissivity e, which characterizes the effective 
emission areaQ Ae '■= sA. The spectral photon emission 
rate is then given by |2q 
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(24) 



The statistical factor differs here from the usual Bose- 
Einstein distribution function because the particle is not 
in thermal equilibrium with the colder, surrounding ra- 
diation field, so that induced absorption plays no role. 
The term involving the heat capacity is present since the 
emission reduces the internal energy. 

Solving the cooling equation with the emission spec- 
trum (|24l) one finds that the particle temperature de- 
creases like T{t) = Toil + To/Ti^f (i)]~i/3. Here, 
the limiting temperature at time t is determined by 
Tr^{t) = 9kl^AetF {Cv/kB) / {2TT^c^fi^Cv) where the 
factor F{x) ^ 1- lOx^^ + 105a;"^ + O {x~^) accounts 
for the Cy-dependence in (|24() . Below, this result is used 
to give a quantitative estimate for aerosols. 

As a final step, we take the particle to be truly macro- 
scopic in the sense that the heat capacity is so large that 
the effect of cooling can be neglected, Cy/fce ^00. It 
follows from (|23|l that the visibility then decays exponen- 
tially with the time of flight, i.e., V = exp (— r/rth)- The 
characteristic decoherence time Tth is determined by a 
spectral integration involving the sine integral Si(x) 
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With the special choice (|24|) for the emission rate the 
integral can be done. One obtains the final result for the 



decoherence time 
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(26) 



The expansion for small arguments renders the reciprocal 
decoherence time proportional to the square of the slit 
separation d and to the fifth power of the temperature 
T, or Matsubara frequency. 
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Within this approximation the kernel H20|l for the blurred 
interference pattern attains a particularly simple form. It 
turns into a Gaussian of unit area whose width <Js is given 
by of al = 2mAe {k^Tf {L/hp,f / (Stt^c*). 

It should be emphasized that the decoherence time rth 
is expedient only with respect to the particular interfero- 
metric context. Given a choice for the time of fiight L/vz 
and the grating separation d, it determines the tempera- 
ture beyond which the wave nature of the particle ceases 
to be observable. 

Note also that decoherence was considered to occur 
only between the double slit and the detector, so far. 
In the same manner one may incorporate decoherence 
events taking place in front of the double slit, although 
this depends on the details of how the transverse coher- 
ence is produced. It is straightforward if a single, narrow 
"coherence slit" is placed in front of the double slit. The 
effect is then given by a second convolution of the form 
(|19|l . with L in the kernel replaced by the distance be- 
tween coherence slit and double slit. If those distances 
are equal one just has to multiply the right-hand side of 
Eqs. (|23l, (ESI, and ^ by the factor of 2. 

Figure 1 shows the decoherence time rth, i-e., the time 
of flight where the visibility reduces to V = e"^ as cal- 
culated by a numerical inversion of H23|l . together with 
the limiting result (|26|) (dashed lines). They are given 
as a function of the initial temperature and for several 
slit separations d. Our choice of the two particle param- 
eters, the effective surface area Ag and the heat capacity 
Cy, is given in the caption. These values correspond 
to ultra-fine carbonaceous aerosols. They were obtained 
by assuming a particle mass of 10^ amu, a density of 
10^ kg/m^, a specific heat capacity of 10^ J/(kgK), and a 
mass specific absorption cross section of T.SxlO^m^/kg 
as reported in |3(]| . 

One observes in Fig. 1 that the decoherence times de- 
pend strongly on the slit separation and on the temper- 
ature. This is due to the fact that a thermal photon 
emission can be harmful to interference only if its wave 
length is sufficiently small to (partially) resolve the path 
separation by carrying which-path information to the en- 
vironment. The rate of these harmful events decreases 
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FIG. 1: Thermal decoherence time for double slit interference 
as a function of tiie initial particle temperature. The curves 
correspond to a slit separation d of 50 nm, 100 nm, 500 nm, 
and 1/im (top to bottom). The solid lines incorporate the ef- 
fect of cooling as described by (I23II and I24II . while the dashed 
lines show the result 1261 for an asymptotically large heat ca- 
pacity (they are indistinguishable for d = 500 nm, 1 /xm). The 
particle parameters Ae = 5 x 10~^*m'^ and Cv = 12000A;b 
correspond to ultrafine carbonaceous aerosols, as discussed in 
the text. 



FIG. 2: Thermal decoherence time for double slit interference 
with fuUerene molecules. The solid lines were calculated from 
Eq. 1231 using the full frequency- and cooling-dependent emis- 
sion rate. Compared to Fig. 1, similar decoherence times are 
found only at considerably larger temperatures. The com- 
parison with the dotted lines shows that for fuUerenes the 
mesoscopic result 1261 is not yet applicable, not even for a 
qualitative description of the temperature dependence of the 
interference contrast {Ae = 10~^^ m^ ^M)- 



with decreasing temperature, which raises the permis- 
sible time of flight, i.e., the de Broglie wave length of 
the particle beam. The difference between the solid lines 
and dashed lines in Fig. 1 shows that the effect of cool- 
ing can be relevant even for the considered mesoscopic 
particles. In particular for small slit separations, which 
are much more easily coherently illuminated, the harm- 
ful photons carry so much energy that the probability 
of further harmful emissions is substantially diminished. 
This leads to a rather strong increase of Tth with respect 
to the limiting result (the dashed lines). Only for sepa- 
rations around 500 nm the two descriptions start to be 
indistinguishable. 

It must be emphasized that the above results for meso- 
scopic particles do not apply to large molecules, such 
as fuUerenes, even if they display a continuous thermal 
radiation spectrum. This can be seen in Fig. 2 which 
shows the decoherence times for a beam of C70 fuUerene 
molecules. The data was obtained by numerically inte- 
grating the cooling equation and inverting (|23() . using 
empirical data for the frequency-dependent absorption 
cross section, as discussed in ,14j. One observes that 
considerably larger temperatures are required to induce 
decoherence times comparable to those of Fig. 1. More 
importantly, the mesoscopic result H26() , indicated by the 
dotted lines, cannot yet be applied, not even for a quali- 
tative description of the curves. 



It is remarkable that the slit separations oid = 500 nm 
and of d = 1 fim display an almost equal dependence on 
thermal decoherence. This behavior is due to the gap 
in the electronic excitation spectrum of fuUerenes, which 
strongly suppresses radiation above about 800 nm. As 
a consequence, interference with slit separations beyond 
that length is affected similarly by the emitted photons. 
It should also be emphasized that the effect of cooling 
is much stronger than in the case of Fig. 1. Its neglect 
would render the decoherence times larger by an order of 
magnitude for d = 50 nm, and still about threefold larger 
for d ^ 1 iim (not shown). This is part of the reason why 
the present results differ markedly from those of Ref. jj] , 
which account neither for the effect of cooling nor for the 
detailed emission spectrum of fuUerenes 0] . 



V. CONCLUSIONS 

The present article described the effect of momentum- 
exchange mediated decoherence on far-field interference 
of material waves. Rather than solving the dynamic 
equation of motion, a phase space formulation for the 
stationary scattering problem was employed. This way 
exact and transparent expressions could be derived for 
the modification of the interference pattern due to the 
presence of decoherence. Although we specialized to the 
case of double slit interference, the generalization to ar- 



bitrary multi-slit arrangements is straightforward in the 
present formulation. 

We calculated the reduction of the interference visibil- 
ity due to the particle's heat radiation and found that 
a realistic description of molecular objects requires ac- 
counting for the effect of cooling and for the particle 
color, i.e., the deviations from the blackbody behavior. 
A particularly simple scaling behavior could be obtained 
for mesoscopic particles, which are characterized only by 
their emissivity and heat capacity. 

As a final point, let us illustrate the temperature re- 
quirements for an object of the size of a small virus, as- 
suming a mass of 5 x 10^ amu. The rivaling effect of 
collisional decoherence was estimated for such a particle 
to limit the permissible pressure of background gases to 
Po = 2.7 X 10"" mbar(r/s)"^ ,32j. Using the above- 
mentioned mass-specific absorption cross section jsQ we 
find from (|27|) that the characteristic temperature is as 

low as To = 19 K (d^r/zim^s) . Inserting reason- 



able values for the slit separation and the time of flight, 
d = 0.5 /xm and r = 0.1 s, this yields about 40 K. It indi- 
cates that the thermal decoherence may be more difficult 
to control than the effect of background gases for particles 
of that size. It must be emphasized, however, that in the 
foreseeable future interferometry of mesoscopic objects 
will be limited by the practical difficulty of producing 
brilliant particle beams and of avoiding vibrational noise 
[33, rather than by the "natural" decoherence mecha- 
nism of heat radiation. 
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